In the present paper we will focuse on the problematic of comogenics isotopes, in particular Li-9 and He-8, which are produced by muons interactions with the carbon target contained in the liquid scintillator. The study of this kind of isotopes has a major role in reactor neutrino experiments because their ability to mimic the detection reaction. We will discuss the physics porcess which dominate the production of such isotopes, after we will show via comparisons with available data the reliability of this point of view.
Introduction
In reactor neutrino experiments the standard detection reaction is the inverse beta decay : ν e + p → n + e + The positron make a prompt signal with energy ∼ 1 to 8 MeV and the neutron produce a delayed signal after capture in gadolinium with energy ∼ 8 MeV. The detection signal can be mimicked by a radioactive isotopes (like He-8, Li-9 and Li-11) which decay by β-neutron cascade. This kind of isotopes is produced by the cosmic muons and their shower particles interactions, with the carbon nuclei which is the main component of the liquid scintillator. Because these isotopes are produced by cosmics muons interactions they are called cosmogenics. The main problem with the cosmogenics is due to their long life time (178 ms for Li-9 and 119 ms for He-8) which make them untaged by the veto system. Therefore the simulation to evaluate their rate for each reactor neutrino experiment becomes crucial. The knowledge of the physics processes behind cosmogenics production is of first interest in order to perform their rate simulation.
2 Li-9 and He-8 yield
The physics process expected to dominate cosmogenics production in scintillator is the real photonuclear reaction. The importance of electromagnetic cascade in neutrons production inside the scintillator are discussed in different works [1, 2] . In this paper we will focus on their importance on cosmogenics production.
The gammas source is the muons and their shower particles Bremsstrahlung.
As we can see in figure 1 where are plotted different gammas spectra, one from muons Bremsstrahlung and the others from delta ray and ionisation electrons Bremsstrahlung, the gammas are mainly produced by muons shower particles Bremsstrahlung. The gammas will be produced on the surrounding rock and propagate inside the detector, the use of shielding will minimize their impact, also the gammas can be created inside the detector but the production of gammas in this case is not as important as the one on the rock. To evaluate the yield of Li-9 and He-8, we performed a simulation with geant4 Monte Carlo code (release 7.1) [3] . The geometry used is a simple cube made of carbon12 in which we shoot a beam of monochromatic energy gammas. In figure 2 we show the yield obtained from simulation as a fonction of gamma energy. The variation of energy goes from 100 MeV to 2 GeV, this energy range cover three different interaction regions: ∆ region (from the pion threshold to 450 MeV), Roper resonance region (from 450 MeV to 1.2 GeV) and Reggeon-Pomeron region (> 1.2 GeV). Below 3 GeV, to generate the final state for gamma-nuclear inelastic scattering, the real photonuclear interaction, GEANT4 uses a chiral-invariant phase space model [4] . In GEANT4 the photonuclear cross sections are parameterized from several measurement performed for many nuclei and cover a large range of gamma energy. Figure 3 shows the comparison between the photonuclear cross sections obtained from simulating interactions of 10 7 gamma on 1 meter of 12 C and one set of available data [5] , we can observe the good agreement between the simulation and data.
As expected we oberve that Li-9 is more likely produced than He-8 and the yield of the two isotopes increase with gamma energy to reach its maximum for a gamma energy about 300-400 MeV and decrease with increasing energy. In fact evolution of cosmogenics yield follow the total photonuclear cross section behavior and the maximum of cosmogenics yield corespond to the maximum of total real photonuclear reaction cross section as we can see from figure 3.
Only one experiment was dedicated to investigate the cosmogenics production in muons beam interaction with scintillator target at SPS [6] . During this experiment no distinction between He-8 and Li-9 was possible due to their neighbouring half-lives. The measured cross section for Li-9 and He-8 with 190 GeV muons beam is σ( 9 Li + 8 He) = (2.12 ± 0.35)µbarn. Figure 4 shows the cross section for He-8 and Li-9 obtained from simulations.
The measured value at SPS experiment is in good agreement with the maximum of simulated cross section (∼ 2.3 µbarn) around 300-400 MeV.
Isotopes yield at 100 GeV yield at 500 GeV α parameter Li-9 7 38 1.06
He-8 2 7 0.78 Table 1 Yield of Li-9 and He-8 and α parameter as a fonction of muons beam energy.
3 Energy dependence of the Li-9 and He-8 yield
At SPS experiment the energy dependence of the total cross-section was evaluated to be σ tot (E µ ) ∝ E α µ , α varies from 0.50 to 0.93 with a weigthed mean value <α> = 0.73 ± 0.10. In order to extract the value of α the ratio of the total cross section at 100 and 190 GeV was performed. Nevertheless, the total cross section for Li-9 and He-8 production was obtained only for 190 GeV muon energy, thus these two last isotopes was not taken into account to determine the α parameter. In the current section we will try to obtain the α value via appropriate simulation. We used a cylindrical bloc of scintillator (dodecane) inside a bloc of the rock in which we shoot a monochromatic energy muons. We performed two simulations one with muon energy of 100 GeV and the second of 500 GeV. All muons and their shower particles interactions was considered but all the Li-9 and He-8 formed inside the scintillator was only produced from the photonuclear reaction. The table 1 shows the obtained yield in scintillator for each isotope and the value of the α parameter at 100 and 500 GeV. The α value is obtained, like for SPS experiment, from the ratio of the simulated yield at 100 and 500 GeV : α = ln(yield(500 GeV )/yield(100 GeV )) ln(500 GeV /100 GeV )
The values of α are in good agreement within the error bars with experimental ones [6] . This result is consistent with the idea that the cosmogenics isotopes are mainly produced via photonuclear reactions with carbon target contained in the liquid scintillator, reaction initiated by cosmic muons.
Conclusion
Interacting cosmic muons initiate electromagnetic, photonuclear, and hadronic cascades which dominate neutrons production [2] . In the cosmogenics case, the photonuclear reaction seems to be the main physics process. The gammas are mainly produced by Bremsstrahlung of muons shower particles on the rock. After their creation the gammas propagate inside the detection volume where they interact with carbon target to produce radioactive isotopes and secondary particles. The simulated values for Li-9 and He-8 cross sections are in good agreement with SPS experiment, this fact and the good agreement between the simulated energy dependences α and the different experiments reinforce the idea that the main source of cosmogenics isotopes production in the liquid scintillator is the photonuclear reaction.
